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RELATED APPLICATION 
Although the scope of the claimed subject matter is not limited in this respect, it is noted 
that some embodiments may include subject matter from the following co-pending 
applications: a first patent application with a serial number of 1 0/041 ,01 3, filed on 
12/28/2001 and with a Title of " Multiple Mode Power Throttle Mechanism", attorney 
docket number PI 2491, and assigned to the same assignee; and a second patent 
application with a serial number of 1 0/041 ,092, filed on 1 2/28/2001 and with a Title of " 
Digital Throttle for Multiple Operating Points", attorney docket number P12492, and 
assigned to the same assignee. 

BACKGROUND 

1. Field 

[0001] The present disclosure pertains to the field of power management. More 
particularly, the present disclosure pertains to a new method, system and apparatus for 
efficiently switching between multiple power states for an integrated device. 

2. Description of Related Art 

[0002] Power management schemes allow for reducing power consumption for 
various types of and systems and integrated devices, such as, servers, laptops, processors 
and desktops. Typically, software methods are employed for systems and integrated 
devices to support multiple power states for optimizing performance based at least in part 
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on the Central Processing Unit (CPU) activity. 

[0003] However, the present software methods for supporting multiple power states 
have a significant time penalty (overhead) for switching between the power states. For 
example, the time penalty may approach several million-clock cycles. Furthermore, the 
present sample rates of the processor are limited due to the overhead associated v with the 
software methods. Typically, the sample rate is 10ms. Furthermore, there is only limited 
information on the processor's state that is available, such as, whether the processor is idle 
or active. 
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Brief Description of the Figures 

[0004] The present invention is illustrated by way of example and not limitation in 
the Figures of the accompanying drawings. 

[0005] Figure 1 illustrates a chart to depict CPU utilization versus multiple power 
states in accordance with one embodiment. 

[0006] Figure 2 illustrates an apparatus in accordance with one embodiment. 
[0007] 

[0008] Figure 3 illustrates a timing diagram utilized in one embodiment in connection 
with Figure 2. 

[0009] Figure 4 illustrates a flowchart for a method in accordance with one 
embodiment. 

[0010] Figure 5 illustrates a system in accordance with one embodiment. 
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Detailed Description 

[0011] The following description provides method, system, and apparatus for an 
efficient multiple power state configurations. In the following description, numerous 
specific details are set forth in order to provide a more thorough understanding of the 
present invention. It will be appreciated, however, by one skilled in the art that the 
invention may be practiced without such specific details. Those of ordinary skill in the 
art, with the included descriptions, will be able to implement appropriate logic circuits 
without undue experimentation. 

[0012] Various embodiments disclosed allow for efficiently detecting CPU 
utilization, obtaining more processor information to efficiently determine when to switch 
between power states, reducing the overhead of switching between power states, and 
allowing for a higher power state change rate. 

[0013] In one embodiment, a dual PLL schematic is employed to efficiently support 
multiple power states with minimal overhead. Also, another embodiment allows for a 
digital sensor to monitor the CPU utilization. For example, the digital sensor monitors 
the CPU utilization and assigns different weights to different functional units based on 
the priority of the function unit. The related applications discuss the digital sensor in 
more detail. 

In one embodiment, the claimed subject matter facilitates efficient power dissipation by 
switching to a power state based at least in part on the processor utilization. For example, 
the claimed subject matter analyzes the processor utilization. Subsequently, the claimed 
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subject matter allows for a processor to initially have a first power state and allows for 
switching to a second power state based at least in part on increased processor utilization 
with an overhead penalty of only one core clock cycle In contrast, the prior art of 
software power management requires a significant overhead, such as, several million- 
clock cycles. Also, the prior art typically transitions from a high power state to a lower 
power state. 

. In one embodiment, the first power state utilizes less power than the second power 
state. 

[0014] Figure 1 depicts CPU utilizations vs. multiple power states as utilized in 

one embodiment. The x-axis depicts power states while the y-axis depicts CPU 
activity/utilization. As the CPU initialization exceeds the vertical line depicted as line 
106, the power state P0 is enabled to support the processor's increased activity. In 
contrast, as the CPU utilization decreases to a line 102, a lower power state such as P3 
may be utilized. 

[0015] Figure 2 illustrates an apparatus in accordance with one embodiment. In one 
embodiment, the apparatus comprises two phase locked loops (PLLs) to support at least 
two power states. The PLLs are depicted as 202 and 204. As previously described, the 
related applications further describe the PLL configurations. In one embodiment, the 
PLLs are similar in circuit structure and support two power states. For example, the PLL 
202 supports a first power state and PLL 204 supports a second power state, wherein the 
second power state allows for higher power consumption to support an increase in 
processor utilization with respect to the first power state. 
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[0016] However, the claimed subject matter is not limited to two power states. For 
example, it supports more than two power states by allowing for each PLL to have 
different voltage and frequencies (which is discussed further in connection with Figure 3). 
As the frequency or voltage is changed, it might require a time penalty of 4-5 us in one 
embodiment to allow for PLL relock. 

[0017] Figure 3 illustrates a timing diagram utilized in one embodiment in connection 
with Figure 2. A first timing waveform 302 depicts an output of a first PLL and a second 
timing waveform 304 depicts an output of a second PLL. For example, the first timing 
waveform 302, specifically, arrow 301, allows for a different frequency for a different 
power state, but incorporates a single core clock penalty as overhead. Also, timing 
waveform 304 depicts a PLL relock time period. In one embodiment, the relock time is 
4-5us. Thus, the claimed subject matter facilitates a dual PLL apparatus to achieve a 
single core clock penalty for different frequencies for different power states. 
[0018] Figure 4 illustrates a flowchart for a method in accordance with an 
embodiment. As previously described, the related applications discuss the processor 
utilization and digital throttle in more detail. 

[0019] The flowchart supports multiple power states by monitoring processor 
utilization, as illustrated by block 402. Based on the processor utilization, the claimed 
subject matter allows for switching between a first and second power state. For example, 
in one embodiment, the second power state utilizes more power consumption to support 
an increase in processor utilization. Thus, the first power state utilizes less power than 
the second power state. Furthermore, the claimed subject matter allows for the processor 
to start with a first power state that utilizes a low or moderate amount of power 
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consumption and switches to a different power state with an increase in processor's 
utilization to anticipate a higher amount of power consumption. 

[0020] Figure 5 depicts a system in accordance with one embodiment. The apparatus 
in one embodiment is a processor 502 that incorporates a memory controller 504 that is 
coupled to a memory 506. For example, the processor incorporates a memory controller 
by allowing the processor to perform memory controller functions, thus, the processor 
performs memory controller functions. In contrast, in another embodiment, the processor 
502 is coupled to a memory controller 504 that is coupled to a memory 506 and the 
processor does not perform memory controller functions. In both previous embodiments, 
the apparatus comprises the previous embodiments depicted in Figures 2-4 of the 
specification to efficiently support multiple power states. 

[0021] While certain exemplary embodiments have been described and shown in the 
accompanying drawings, it is to be understood that such embodiments are merely 
illustrative of and not restrictive on the broad invention, and that this invention not be 
limited to the specific constructions and arrangements shown and described, since various 
other modifications may occur to those ordinarily skilled in the art upon studying this 
disclosure. 



